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OBJECTIVE

Investigate the relationship between geomagnetic activity and the equatorial

scintillation of satellite signals and, if some relationship is found, try to determine how the
two are rejated.

RESULTS i

Correlations between scintillation activity and geomagnetic activity ranged from -0.91
) to +0.56. When correlations between nightly scintillation activity and individual 3-hour Kp
indices showed a maximum for a particular time of day, this maximum usually occurred
around 1300-1600 LST for the negative maxima and 0200-0700 LST for the positive ones.

It is proposed that the ionized solar radiation, which causes geomagnetic activity, is
affecting the occurrence and intensity of equatorial scintillation by heating the thermosphere
and thus increasing or decreasing the zonal winds. The increase or decrease depends on the
time, with respect to the equatorial site, that the radiations reach the earth.
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RECOMMENDATIONS

The possible connection between ionized solar radiation and equatorial scintillation
needs further investigation. In particular, the part that zonal and meridional winds may
_ play in connecting the two, as well as connecting other phenomena that apparently contribute
3 to the occurrence and intensity of scintillation, needs to be investigated.
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INTRODUCTION

During their investigations of the equatorial scintillation of satellite signals, several
workers have looked for a possible connection between scintillation activity and geomagnetic
activity.

Because of electric currents flowing above the earth’s surface, the magnetic field at
any point on the surface varies diurnally, seasonally, and with solar activity (ref 1). On days
when the magnetic variations are smooth and regular, they proceed mainly according to
local solar time; however, a small part of the variation is controlled by the moon. During a
magnetic storm, additional currents circulate in the ionosphere and are strong in the high
latitudes. These strong additional currents lead to fluctuations in the direction and intensity
of the magnetic field as measured at the earth’s surface. The currents are believed to be one
of many effects caused by the impact of a solar stream, or cloud, of ionized gas on the
earth’s magnetic field.

The degree of magnetic disturbance during each Greenwich day is indicated by a
variety of indices. One of the indices is Kp. Called the planetary 3-hour index, Kp ranges
in value from 0 to 9 in steps of 1/3 to provide 28 intervals. Kp values are determined for
each 3-hour interval during the day.

Additional information on geomagnetic activity and indices is available in reference

Since March 1978, personnel at the Naval Communications Area Master Station,
Guam, have been recording the amplitude of uhf signals from two MARISAT/GAPFILLER
satellites, one positioned over the Indian Ocean, F2, and one over the Pacific Ocean, F3.
F2 has an elevation angle from Guam of about 10 degrees and F3 about 50 degrees. In
addition, personnel at the NASA Tracking Station in Dandan, Guam, recorded both uhf
and L-band signals from these two satellites for the period from late February through
December 1979. An extensive analysis of these data was reported in reference 2. This
report will be limited to an investigation of the relationship between equatorial scintillation
observed in the above data and geomagnetic activity.

OBJECTIVE

The objective of this work is to look for a relationship between geomagnetic activity
and equatorial scintillation activity, using the data recorded at Guam: and, if some relation-
ship is found, to try to determine how the two are related.

BACKGROUND

Koster (ref 3) says that the usual way of comparing scintillation activity and geomag-
netic activity is to calculate the correlation between daily sums of the 3-hour Kp and the
scintillation indices. The results, he says, are far from clear or consistent. A zero or low
correlation can mean that there is no relationship between the variables, or that the relation-
ship is nonlinear. He says that the latter is true in this case.

1. National Bureau of Standards Monograph 80, lonospheric Radio Propagation, by K. Davies, U S.
Government Printing Office, 1965.

2. Naval Ocean Systems Center TR 543, Equatorial Scintillation of Satellite Signals at UHF and L-Band for
Two Different Elevation Angles, by M.R. Paulson, in progress.

3. Koster, J.P., Equatorial Scintillation, Planetary Space Science, v 20, pp 1999 - 2014, 1972,




Koster studied scintillation activity for various levels of magnetic activity. The study
was limited to two daily intervals, 0000 - 0430 and 1930 - 2400 local time. The daily sum of
Kp was taken as a measure of magnetic activity, and days were grouped according to whether
this sum fell in the range 0 - 3, 3 - 6, etc. Six normalized monthly means of scintillation
index were plotted for each range. He found the results for premidnight and for postmidnight
virtually identical. On days when the sum of Kp was less than 30, there was no obvious
dependence of scintillation on Kp. On days when this sum was equal to or greater than 30,
the scintillation intensity was usually, but not always, reduced. This was true for both pre-
and postmidnight periods.

Koster concludes that the relationship between scintillation intensity and magnetic
activity at Legon, Ghana, is extremely nonlinear, so that calculation of a correlation coef-
ficient between the two is not very useful. Furthermore, nighttime scintillation is frequently
absent at Legon during times of severe magnetic disturbances.

Bandyopadhyay and Aarons (ref 4) investigated scintillation by means of data recorded
at Huancayo, Peru, between July 1967 and February 1969. The signals used were transmitted
from two geosynchronous satellites at 137 MHz. When they plotted the mean hourly scintil-
lation index for the period from 1900 to 0700 against the sum of the 3-hour K, indices at
Huancayo for the same night, they found no trends. When they used hourly means of scintil-
lation indices between 1800 and 0600 LST to determine the occurrence of scintillation inten-
sity greater than 40% during various levels of magnetic activity, they concluded that there was
no significant dependence. In particular, they said that during this period of high sunspot
number the scintillations were not negatively correlated with Kp.

Mullen (ref 5) made use of 136-MHz satellite data also recorded at Huancayo, Peru,
to investigate the seasonal and magnetic dependence of equatorial scintillation. Over 13,000
hours of amplitude data recorded from January 1968 through the end of 1970 were used.
Hourly scintillation indices were calculated for the data; then those which had indices greater
than 20% were sorted into pre- and postmidnight periods for four seasonal groups.

Mullen used an hourly Dst magnetic index to study magnetic activity dependence. A
Dst less than or equal to -20 was considered an indication of disturbed magnetic conditions.
The scintillation data were then sorted into periods for disturbed and undisturbed magnetic
activity for each of the pre- and postmidnight periods for each of the seasons. He says that
the most obvious effect is the increase in scintillation occurrence during the June solstice
during magnetically disturbed periods.

For the premidnight hours during the December solstice, the occurrence of scintillation
was higher during quiet periods than during disturbed periods. For the March equinox,
Mullen found scintillation much more common during quiet magnetic periods than during
disturbed periods. Premidnight scintillation during the September equinox was similar for
the quiet and the disturbed periods but, for postmidnight periods, it was significantly higher
during disturbed periods.

In view of the varied and complex results uncovered by the above workers, it
appeared that an investigation into the relationship between geomagnetic activity and the
equatorial scintillation data recorded at Guam should be undertaken. Not only is Guam geo-
graphically remote from the African and South American locations where the other studies

4. Bandyopadhyay, P., and J. Aarons, The Equatorial F-Layer Irregularity Extent as Observed from Huancayo,
Peru, Radio Science, v 5,no 6, pp 931 - 938, June 1970.

5. Mullen, J.P., Sensitivity of Equatorial Scintillation to Magnetic Activity, Journal of Atmospheric and
Terrestrial Physics, v 35, pp 1187 - 1194, 1973.




were made, but the 257-MHz vhf/uhf and the 1541-MHz L-band frequencies monitored at
Guam are considerably higher than the 136-MHz frequency used in the preceding studies.

DATA ANALYSIS AND RESULTS

Although Koster found the relationship between magnetic activity and scintillation
activity to be highly nonlinear, it appeared that the simplest approach, initially, would be
to look for a correlation between magnetic activity and the Guam scintillation activity.

Daily total hours of the occurrence of scintillation with fades greater than 6 dB were .
determined from the uhf records of both the Indian Ocean satellite and the Pacific Ocean "
satellite, based on the data from 1 January through 31 December 1979. The daily sums of
the eight 3-hour Kp indices, obtained from reference 6, were used as an indicator of magnetic
activity. The data were taken in sample periods of about 30 days at 5-day intervals and the
calculated correlation value was plotted for the center of the sample period. The results are
shown in figure 1.

These correlation curves start out near zero or slightly positive in January and rapidly
go negative in February, with values as large as ~0.75 for the Indian Ocean satellite and -0.6
for the Pacific Ocean satellite. Values for F3 remain quite negative through the middle of
June; then, after going slightly positive in July, they go negative again with values as low as
-0.6 in September before going positive in November and December with values around 0.2
to 0.4. Correlation values for F2, the Indian Ocean satellite, start approaching zero in May
but stay slightly negative except for one point in July. They again go negative in September
before becoming slightly positive in November and December with values on the order of 0.1
to 0.2.

While the two curves are quite similar, there are some differences. These differences
may result from the fact that the two satellites had different look angles, with the elevation
angle to F2 being about 10 degrees and that for F3 being about 50 degrees. An additional
possible reason for the differences is that F2, because of its low look angle, was also suscep-
tible to the occurrence of sporadic-E irregularities.

On the chance that using 6-dB fades as a criterion for scintillation was not a sensitive
enough indicator, data from 1 March through December 1979 were digitized and values for
standard deviation divided by the mean were calculated for each 15-minute sample. These
values were summed for each night for each satellite, and for the L-band as well as the uhf.
Correlations between these data and magnetic activity were calculated in a manner identical
to that already described. The results are shown in figure 2. The upper two curves are for the
uhf for the two satellites and the bottom one is for the L-band for F2. The uhf plots show
excellent agreement with corresponding plots in figure 1. Comparing the L-band plot for
F2 with the uhf plot for F2 also shows good agreenient.

The next step in trying to evaluate the relationship between magnetic activity
and equatorial scintillation was to see if the scintillation was more sensitive to magnetic

activity occurring during some particular time of day. Again, about 30-day samples were 1
used, this time at 15«day intervals. Daily occurrence of scintillation data was correlated with
daily values for each of the eight 3-hour Kp indices for each of the sample periods. To get a ,

finer structure. additional correlations were calculated with interpolated values of Kp between
the reported points. The results were plotted as correlation value versus the GMT or LST

&. National Oceanic and Atmospheric Administration Environmental Data and Information Service,
Solar-Geophysical Data, Prompt Reports, Boulder, CO.
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when the magnetic activity occurred. These plots were made for each of the data samples and
are shown in figures 3 through 7.

Figure 3 comprises the plots for F2 correlations calculated through the use of 6-dB
fading data. The plots on the right side are for data overlapping the 2 months. For example,
the plot to the right of January is for data from 15 January to 15 February. These plots
show results quite similar to those obtained with the total daily Kp values. In some cases,
however, they show a definite maximum negative or positive correlation for a particular time
of day. This is especially noticeable for the months of August and September for F2, as
shown in figure 3. In figure 4 for F3, it shows up in March and April and again in September.
:n I\i:ovember, there is a positive maximum for both F2 and F3 but it is most pronounced
or F3.

Corresponding plots of correlations that were calculated between standard deviation
divided by the mean and daily magnetic activity are shown in figures 5 and 6 for the uhf
and in figure 7 for the L-band for F2. The results are quite similar to those in figures 3 and 4.

Maximum negative correlations, when they occurred, were around 1300 to 1600 LST,
and maximum positive correlations occurred around 0200 to 0700 LST.

Other workers have been looking for differences in magnetic dependence for pre- and
postmidnight scintillation activity. Te see if any differences might show up in the Guam
data, sums of standard deviation divided by the mean were calculated for premidnight and
postmidnight for the uhf on the Pacific Ocean satellite, F3. Cross correlations were calcula-
ted as before. These are shown in figure 8 for the premidnight data and in figure 9 for the
postmidnight data. Corresponding correlations are quite similar, and are also similar to those
calculated for the total night. The biggest differences in the pre- and postmidnight correla-
tions appear to occur in the June and July data.

Since there is probably nothing inherently significant about midnight, a 0200 LST
dividing time was used to determine what effect it might have. Daily total hours of scintil-
lation with fades greater than 6 dB were determined for time prior to 0200 LST and for
time from 0200 LST on. These were then correlated with magnetic activity as before, and
are shown in figures 10 and 11,

The correlation plots for the occurrence of scintillation prior to 0200 LST are quite
similar to those for the all-night case shown in figure 4. Again, when there is a definite max-
imum negative correlation, it occurs around 1300 to 1600 LST.

The cross correlation for the after-0200 scintillation show many differences. July
and August show positive correlations, as do October through December. August and
September show negative correlation for one part of the day and positive correlation for
another.

To determine what effect varying the sample size might have on the correlations,
the total hours per day that fades exceeded 6 dB were used for the Pacific Ocean satellite
uhf in about 15-day samples, and the correlations calculated. The results are plotted in
figure 12 and tabulated in table X in appendix A. Maximum negative values are seen for
the last 2 weeks of March and the first-2 weeks of April for the time period around 1300
to 1600 LST. The values were -0.79 and -0.70, respectively. Even larger negative correla-
tions are seen for the last 2 weeks in April, but there is no sharp peak in the curve. Another
negative peak is seen around 1300 LST for the last 2 weeks in September. This had a value
of <0.91. Positive correlations are seen in July and November, with a value of 0.51 during
the first 2 weeks of Novembei occurring around 0400 LST.
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Figure 3. Cross correlations between total hours per night that scintillation fading exceeded 6 dB
and the 3-hour Kp indices plotted as a function of the time of the Kp measurement, using 30-day
data samples for F2. (Continued)
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Figure 3. Cross correlations between total hours per night that scintillation fading exceeded 6 dB
and the -hour Kp indices plotted as a function of the time of the Kp measurement, using 30-day
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Figure 4. The same as figure 3, but for F 3, the Pacific Ocean satellite. (Continued)
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Figure 4. The same as figure 3. but for F3. the Pacific Ocean satellite. (Continued)
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Figure 4. The same as figure 3. but for F3, the Pacific Ocean satellite. (Continued)
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Figure 5. Cross correlations between nightly sums of standard deviation divided by the mean
and the 3-hour Kp indices plotted as a function of the time of the Kp measurement, using

30-day data samples for F2.
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Figure 5. Cross correlations between nightly sums of standard deviation divided by the mean
and the 3-hour Kp indices plotted as a function of the time of the Kp measurement . using
30-day data samples for F2. (Continued)
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Figure 6. The same as figure 5. but for F3.
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Figure 6. The same as figure 5. but for F3. (Continued}
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Figure 7. The same as figure 5, but for the L-band signals on F2.

{
!
i
B

25




COEFFICIENT

COPPELATION

QEFFICIENT

COEFFICIENT COPPELATIGN

GPRELATION

~
L

£.60 - _
FoIniC A OCERMN, L—BRND
[ JUME, 1973  vIMDE:
.49 |- -
: u
) - -
a.29 - ot
L L
[ v
0.00 [ vt g
) |
[+ w3 * - + -
~0.28 ~ =
L * * e =
g ~ b
-Q.438 - 5
[ o
C » E
-2.64 - S
‘G.BG- I Y I WY T T W B |
B9 03 BE P2 12 15 13 21 29 GMT
16 12 LE 13 2¢ @) b4 A7 10 LET
[ I 9]
- IHIOIAN OCEAM, L-BAND
L JuLY, 147y t INDE <)
q.49 |- [
- ped
- u
- -
3.29 + o
b -
S m
.0 i U
.o it— < =1
[ * T x ®
-@.2 *» ; =
N > 5
! &
~3.499 4
L wl
L [0
- L
~-g3.513 E =
‘B BB Lllllll | IL'_]_'_IJ_L_.L_LJ_J_L
80 03 NE 03 12 1S 1A 21 22 GMT
313 1B 19 28 3l e4 or 1D et
0.60
: INDIANY GCERM, L—3ANT
] RUGLST, 1373 CINDE
g.44d r -
- W
- -
a.2a o
- ]
L t
r W
a.rn i F
[ b 0‘..“"‘f ;
-0.20 s C
=
[~ - T
- L. X3 -
8.40_ + T o
L u
3 o
-3.60 | |os
L b
-g.80 P, LJJIA"L1‘L4¢AJJAJJJJ]
oo 03 BE P9 12 15 1A 2) 25 517
O 12 LB 13 3¢ 21 b4 At oip LeT

0,

f NAIAN TCERME: L -EAND
.l'
f
L[‘E
ap Ty
208
+*
+
'S I IR ST ST PR PR
DU 83 PHF 02 |2 1S5 18 21 24 1T
13 12 18 19 &2 B1 894 &7 19 LaT
IMDIAN eZERM: L-BRMD
10
<D
+
* -
- * w'__* kot
~ *
=0
S0
w0
a4 U IS I T RN e e

e R 2)
Erowad ol

Figure 7. The same as figure S, but for the L-band signals on F2. (Continued)

<

C3 B3 BE N3 12 1S 18 Fi 24 anT
J ot 18 13 & D1 o34 &7 1a LaT
[WDIRM OCEAN: L-BRrnD 7

3 GnT

13 L3




.60 — a.s0 -
IHOIAM GCEAM: L—BAMD I IHNDIANM QCEHME: L—BAMD
[ SEFTEMBER, 1573 L IMDEXD [
= 9.448 = 84D -
= f 5 f
=4 o [ -
¢ og.2d | TN -
. L L 3
Y i w [ *
¥ e.o0f s ¥ poanf
o [ . ] " . N
é-m.za} » * E-ozef s
=] ¥ . [ .
= - * * o [ - * 45
T - * i -
d—ﬂ.sﬁBF d—w.-m R *
Q had * -~ & t
a P ox T g . = *
G-9.89 ** o TH.ED - *x
- N
_B.Bm-LnlnnleiJA‘14|lnlJ._1['nl —B_EB.l'LJ[l'llllllJL;inAl‘.L]
®9 03 BE PS 12 1E 16 2} 25 ShT 02 B3 PE RS 12 1S 16 21 2% 50T
1@ 13 LE 13 3dg 31 ba 87 1B LET 19 (3 18 13 22 D1 99 o7 13 LsST
®.50 — D oo -
F L[MOIRW OCEAN: L—BAKD F INDIRM QCERNG: L—BRMD
[ OCTOBER, 1873 (IMGE: r
= 3.48 - E 8.40
i [ 5 -
-t - )-1 S
. = .| w 7 -
O @.28 | L H eamp ..
v r X "y i sy =
W g.pa -t £ Y o, a0
& - O :
o - o kegt *
S-p.28 | € * 5-D.2af *
:‘ Ex’t{'; - : L - *
T » 19 o .
S g anl - -8, 40 ¢+
uﬁ.-liip d 140 e
hy 73 [
O -8.63 [ ARt GRS o
-B.8C ST GEUR N YR AN O B N AT SN W N AU -D.BL‘.E‘*‘ i il | | e
PO 03 QE P9 42 iS5 18 Z) 29 anT DA PR3 O PR 12 1% 1A 21 2% GNT
g 12 LB 19 2¢ w3 b4 37 1b LET 1oL 1a 13 &t D 94 e 13 LaT
0.60 (- —
Frooran ofemn. C-eAnD
| MOVENMBER. 197G CTMEE 3
o040 -
= o .+
B [ s
= 3,29 |- * +
4
L t +
]
Y g.mn -
- s +2 7
5 -0.20 |~
—d
= I
; [
4 -3,43
Y r
vy
L} b
S -3.89 |
-0.80 F_L._L.I.LL_LJ_-L_LJ.I_LAJ.LA_J_'A_L_LJL,L‘LL

o |
m3

N3 AE 09 12 15 1B 21 24 ant
12 18 19 22 91 b4 37 10 LeT

Figure 7. The same as figure S, but for the L-band signals on F2. (Continued)
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Figure 8. Cross correlations between sums of standard deviation divided by the mean prior to
local midnight and the 3-hour Kp indices plotted as a function of the time of the Kp measurement,
using 30-day data samples for F3. (Continued)
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Figure 8. Cross correlations between sums of standard deviation divided by the mean prior to
local midnight and the 3-hour Kp indices plotted as a function of the time of the Kp measurement,
using 30-day data samples for F3. (Continued)
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Figure 9. The same as figure 8, but using sums of standard deviation divided by the ;
mean between local midnight and 0300. '
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Figure 9. The same as figure 8, but using sums of standard deviation divided by the
mean between local midnight and 0300. (Continued)
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Figure 9. The same as figure 8, but using sums of standard deviation divided by the
mean between local midnight and 0300. (Continued)
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Figure 10. Cross correlations between total hours per night prior to 0200 local time that
scintillation fading exceeded 6 dB and the 3-hour Kp indices plotted as a function of the
time of the Kp measurement, using 30-day data samples for F3.
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Figure 10. Cross correlations between total hours per night prior to 0200 local time that
scintillation fading exceeded 6 dB and the 3-hour Kp indices plotted as a function of the
time of the Kp measurement, using 30-day data samples for F3. (Continued)
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Figure 10. Cross correlations between total hours per night prior to 0200 local time that
scintillation fading exceeded 6 dB and the 3-hour Kp indices plotted as a function of the
time of the Kp measurement, using 30-day data samples for F3. (Continued)
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Figure 10. Cross correlations between total hours per night prior to 0200 local time that
scintillation fading exceeded 6 dB and the 3-hour Kp indices plotted as a function of the
time of the Kp measurement, using 30-day data samples for F3. (Continued)
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Figure 11. The same as figure 10, but using total hours per night after 0200 local time that
scintillation fading exceeded 6 dB.
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Figure 11. The same as figure 10, but using total hours per night after 0200 local time that

scintillation fading exceeded 6 dB. (Continued)
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Figure 11. The same as figure 10, but using total hours per night after 0200 local time that
scintillation fading exceeded 6 dB. (Continued)
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Figure 11. The same as figure 10, but using total hours per night after 0200 local time that
scintillation fading exceeded 6 dB. (Continued)
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Figure 12. Cross correlations between total hours per night that scintillation fading exceeded
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Figure 12. Cross correlations between total hours per night that scintillation fading exceeded i
6 dB and the 3-hour Kp indices plotted as a function of the time of the Kp measurement,
using 15-day data samples for F3. (Continued)
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Figure 12. Cross correlations between total hours per night that scintillation fading exceeded
6 dB and the 3-hour Kp indices plotted as a function of the time of the Kp measurement, i
using 15-day data samples for F3. (Continued) 1
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DISCUSSION

When good correlation, either positive or negative, is obtained between two variables,
a cause-and-effect relationship may sometimes be assigned to them. It is not always true,
however, that one of them is affecting the other. Sometimes a third factor is affecting them
both. It is proposed here that it is not magnetic activity which is affecting the occurrence
and intensity of equatorial scintillation but, rather, the solar radiations that are producing
the magnetic disturbances which also affect the scintillation. It is further proposed that this
can be either a positive effect or a negative effect, depending on when, with respect to the
equatorial site, the radiation reaches the earth.

In an earlier report (ref 7), this writer proposed that zonal winds resulting from day-
to-night temperature and pressure differences were the generating mechanism which produced
the ionospheric irregularities which cause equatorial scintillation. More recently (ref 2), a
periodicity was observed in the scintillation data which was attributed to the moon’s gravi-
tational attraction increasing or decreasing the zonal winds, depending on the moon’s loca-
tion with respect to the sun.

If zonal winds are indeed the mechanism generating the ionospheric irregularities
which cause equatorial scintillation, then a connection between magnetic activity (or, rather,
the ionized solar radiations which cause magnetic activity) and the occurrence of scintilla-
tion can be made.

Using satellite drag measurements, Jacchia et al (ref 8) found that the temperature
and density of the upper atmosphere increased during magnetic storms. Even the smallest
variations in geomagnetic activity were reflected in atmospheric variations. They found the
temperature changes to be nearly linear with the 3-hour Kp magnetic index for values of Kp
less than 5. The variation was about 28 degrees/Kp. For larger Kp, they found the tempera-
ture to vary more linearly with the 3-hour Ap index (ref 1) at a rate of about 1 degree/Ap.
Temperature changes for latitudes around 25 degrees lagged the magnetic disturbances,
with an average time delay of 7.2 + 0.3 hours.

Perigee heights of the satellites used in the study ranged from 250 to 545 kilometers.

Tonized solar gas, arriving from the sun, propagates down the magnetic field lines to
the auroral region, setting up currents which disturb the magnetic field (ref 1). The asso-
ciated energy raises the temperature and pressure of the thermosphere in the auroral
regions. Jones and Rishbeth (ref 9) say that the normal meridional winds at thermospheric
heights blow toward the equator on the night side of the earth and toward the poles on the
day side. They say that the increased pressure in the polar regions, which arises from
the thermospheric heating, increases the equatorward winds at night and decreases the day-
time poleward winds.

It is argued here that the heating in the auroral regions by the ionized solar gas can
increase or decrease the occurrence and intensity of scintillation at a given equatorial site,
depending on when, with respect to the equatorial site, the radiations reach the auroral
regions. If they arrive at such time that the energy transmitted by meridional winds raises

7. NOSC TR 290, Zonal Winds as a Generating Mechanism for the lonospheric Irregularities that Cause
Equatorial Scintillation of Satellite Signals, by M.R. Paulson, 26 June 197X,

8. Jacchia, L.G.,J. Slowey, and F. Verniani, Geomagnetic Perturbations and Upper Atmosphere Heating,
Journal of Geophysical Research. v 72, no 5, pp 1423 - 1434, March 1967.

9. Jones, K. L., and H. Rishbeth, The Origin of Storm Increases of Mid-Latitude F-Laver Electron Concen-
tration, Journal of Atmospheric and Terrestrial Physics, v 33 pp 391 - 401, 1971,
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the nightime temperature and density of the thermosphere at the equatorial site, the resulting
decrease in day-to-night pressure differences will reduce or inhibit the zonal winds and con-
sequently the occurrence and intensity of equatorial scintillation. If they arrive at such time
as to increase the daytime temperature and density of the thermosphere, by reducing the
poleward meridional winds, the increased day-to-night pressure difference would tend to
increase the zonal winds and the occurrence and intensity of the equatorial scintillation.

The positive effects of the solar radiations would be most apparent during times
when scintillation occurrence and intensity are quite low. Radiation arriving at times which
would normally reduce scintillation would have the same effect, but there would be no scin-
tillation to reduce. On the other hand, radiation arriving at a time so as to increase scintil-
lation could increase the day-to-night pressure differences and produce zonal winds of
sufficient velocity, at times, to produce scintillation. During periods of high scintillation
activity, the inhibiting nature of the solar radiations would be more apparent since positive
contributions would be obscured by the already extensive scintillation activity. During times
of moderate scintillation, correlations could be quite low since the effects of radiations
arriving at different times of day tend to oppose each other.

RESULTS

Cross correlations between total daily hours of scintillation with fades greater than

6 dB and the daily summed geomagnetic Kp indices calculated through the use of 30-day
data samples, showed correlations near zero in January which then went rapidly negative in
February. Correlations for the Pacific Ocean satellite, F3, stayed negative through most of
June, then approached zero for a while before going negative again in September. Corre-
lations for the Indian Ocean sateilite, F2, approached zero around mid-May through mid-
August before going negative again in September. The correlations were somewhat positive
in November and December for both satelljtes.

Calculations of correlations between the individual 3-hour Kp indices and the total
nightly occurrence of scintillation gave plots of correlation versus time of magnetic activity
that showed negative peaks at times, particularly in March and April and again in September.
These peaks occurred around 1300 - 1600 LST. In November, a positive maximum occurred
around 0200 - 0700 LST.

When only the occurrence of scintillation from 0200 LST and later was used, the
cross-correlation plots showed positive correlations for July and August and for October
through December. Some of the curves showed positive and negative correlations with
magnetic activity for different times of the day.

[t is proposed here that it is the ionized solar radiations, which cause the magnetic
disturbances, that also affect the occurmrence and intensity of equatorial scintillation, and
not the magnetic disturbances themselves. It is further proposed that the solar radiations
heat the thermosphere in the auroral regions, and that this energy can then increase the
temperature and density of the thermosphere in the equatorial regions, either by increasing
the equatorward flow of the meridional winds at night or by reducing the poleward flow of
the winds in the daytime. It is argued that this temperature and density increase can either
increase or decrease the occurrence and intensity of equatorial scintillation, depending on
when the temperature and density increase occurs, If it occurs at night, it will tend to reduce
or inhibit the scintillation by decreasing the day-to-night temperature and pressure differ-
ences, and thus decrease the zonal winds. If it occurs in the daytime, it will tend to increase
these differences and thus increase the zonal winds. These variations in zonal wind would
show up as variations in the occurrence and intensity of the equatorial scintillation.
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RECOMMENDATIONS

The possible connection between magnetic activity, or ionized solar radiation, and
equatorial scintillation needs further investigation. In particular, the part that zonal and
meridional winds may play in connecting the two, as well as the part they play in connect- -
ing other solar and geophysical phenomena to the occurrence and intensity of scintillation, b
needs to be investigated. )

It is recommended that spaced receivers be used to monitor signals from a satellite v
for approximately 1 year. The apparent ionospheric drift velocity calculated from the
spaced receivers could be used as an indication of the zonal winds. The occurrence and
intensity of scintillation, magnetic activity, phases of the moon, and solar activity could be
related to this drift velocity, as well as to each other.

Obtaining a continuous measure of meridional winds would probably be quite
difficult. For one thing, such measurements should probably be made at midlatitudes at
a longitude near that of the equatorial scintillation measurement site. It is not clear at
this time how such measurements might be made.
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Table II. Cross-correlation values for figure 4.
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Table [ff. Cross-correlation values for figure 5.

INDIRR OCERN UKF 1974

MRE. ~-0.4 = -0, 334 - L T L -, 67
RS BT~ -0,542 - S -P eSSy e -8, 445
' AFFL, -0.S7] - THLESY -0L€34 -0.Fer -pliss g -G, 578
-9, 355 - ~0,3495 -, 3 -, B “BL.932 0 -y, ~3. 906
MAY A T L -3, 13 =D I T T I R I -0, 4
& G THLIZD O -RLREl -3, 1ag “B.312 -a, 4 -0, 7 v
THIE -4 BT R R “B.078 -3, n4¢ LR TR - -5,
~1 -8 -9, 284 -@, @ SRL2ES o 4 -3.903 -,
July @ & 5] N < T B U s I Tt CUNPSE A .
LLBoe - -0.a?s -0, -3 24T -a 118 Rl U R D Y o, ’
AUG. ~3.3%4 -g BT E TV WY N T T B et -, 0
~&, 353 -n = 0,354 -0,515 REERINED S B ] -0 ‘
SEF. ~0.485  -g, 8534 -5, sgo “BEEE —a, g —CL828 -
~8.3%¢ -9 D -0,387 -3, Sac L9z -0, -5 %
LT, -, -2 -3, 259 3, Ive -n, <=0 Zaz .
-1, - ~u, & 1L -p,le8  -j ~B.177
HOY ., <, -2 ~0L, a9 , S8 SOLOTE -a,aex -0 (1, -
Vi < & v @
AR, -0, -, 23S -qa., =L ITY -aL oz -, -,
3 -5, -, -9, 3 -0, -, -0,
HFF, o, ~i, ~-d, -8, [ -, - -,
~ix. -, ~-i, -3, To=0, - -0, 3
MAY  ~a, 5 -0, 4 ~g, -, 0,17 - -6, £
US| ST e -3,z -Q, -, -0 3.1z
TUHE ~a, a2 . a1d SELORT -9 127 -1, = UM -3,z -3.144a
A i R T | @, axv 3D A I 0.1 “RLITG -a, 104
JTuLy =o, 10 ~9.19e -3, 16 -5 : - £ % -0, 2R -8, 1 R AR W
ie? RSN ARSI TR I -0, ~L RS S LREE -0, 05T
B -g, 1 -a, o ~8, 0 “.844 -0l 1 a
33 -0, 4 -0, T -9, -5 PSS s BRI N =5, ET
= el L -, -, -2 AR U TR E 0
LA BTy B O -, -,z RN Y D Bt L BT o
=0, 084 [URRIRD | 0, 11,0 noras G.i4s 0
©,a573 Do i, o7 SIS IS Iy (AN e [ (%}
G, 3 a5 i .2%s 1,3 (R RR i
- . v - .- . .

54




Table IV. Cross-correlation values for figure 6.
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Table V. Cross-correlation values for figure 7.
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Table V1. Cross-correlation values for figure 8.
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Table VI1. Cross-correlation values for figure 9.
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Table VIII. Cross-correlation values for figure 10.
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Table IX. Cross-correlation values for figure 11.
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Table X. Cross-correlation values for figure 12.
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